HOST FACTORS IN THE PATHOGENESIS OF PNEUMOCOCCUS PNEUMONIA : I. THE REACTION OF THE LUNGS TO PNEUMOCOCCUS AUTOLYSATE IN SENSITIZED RABBITS by Sharp, Ezra A. & Blake, Francis G.
HOST FACTORS IN THE PATHOGENESIS  OF  PNEUMO- 
COCCUS  PNEUMONIA 
I.  Tn-E REACTION OF  THE  LUNGS TO  PNEUMOCOCCUS 
AUTOLYSATE IN  SENSITIZED RABBITS 
BY EZRA A. SHARP,* M.D. Am~ FRANCIS G. BLAKE, M.D. 
(From the Department of Internal Medicine, Yale University, School of Medicine, 
New Haven) 
PLAa'~ 20 
(Received for publication, June 16, 1930) 
Allergy or hypersensifiveness to bacterial products is believed to be 
an important factor in modifying the reaction of the host to many 
infectious diseases.  The  localization  of  the  antigen  by  a  prompt 
inflammatory response  in  the  allergic host  has  been  considered by 
some as evidence that allergy is an expression of partial immunity, 
by others that it is one of increased susceptibility.  To what extent 
this phenomenon may play a  part in  the pathogenesis and clinical 
course of pneumococcus pneumonia in man is unknown but has seemed 
worthy of study.  The present investigation was consequently under- 
taken to observe the response of the lung to pneumococcus antigen in 
animals  previously  rendered  hypersensitive  to  the  pneumococcus. 
No attempt has been made to answer the question whether the allergic 
state is beneficial or harmful. 
The existence of allergy in man to pneumococcus  is suggested by the local reac- 
tions obtained in many human beings when various fractions or products of the 
pnetunococcus are injected intradermally (1, 2, 3, 4, 5, 6, 7), and by the rapid 
development of the pathological lesion of pneumococcus pneumonia with  its 
characteristic diffuse exudate.  Lauehe (8), in fact, largely on clinical and theo- 
retical grounds, has strongly advocated the view that hypersensitiveness  plays an 
important  r61e in the pathogenesis of lobar pneumonia, though presenting no 
direct experimental  observations  in support of this conception. 
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In contrast with man, young rabbits are rarely skin reactive to pneumococcus 
antigen and the intratracheal inoculation of virulent pneumococci in them usually 
produces a septicemia without pulmonary lesions resembling those found in human 
pneumonia.  It seems logical, therefore, that the question has been raised whether 
the  somewhat  peculiar susceptibility of  man  to pulmonary infection  by  the 
pneumococcus and his capacity to localize the infection in the lung are related to 
allergy to that bacterium or its products and, if so, whether these characteristics 
are paralleled by cutaneous sensitivity. 
Although  experiments on  the  relationship  of general  allergy to  pulmonary 
reaction have been reported by Schiecht  and Swenker  (9),  who first sensitized 
guinea pigs to human serum by intraperitoneal inoculation and later caused the 
animals to inhale the same antigen with a resultant exudative inflammation of the 
lungs, comparable experiments with pneumococcus  as an antigen have not been 
found in the literature.  Wadsworth (10), however, has reported experiments that 
are highly suggestive.  He immunized rabbits with bile and saline  solutions  of 
pneumococci  and 2 weeks later was able to produce a diffuse inflammatory re- 
sponse resembling  the pneumonia of man by injecting a virulent culture intra- 
tracheally.  In repeating this work Kirkbride (11) assumed,  but did not demon- 
strate the existence of sensitivity at the time of the intratracheal injection and, 
furthermore, she found the pathological picture confused by pulmonary infections 
caused by B. lepisepticum or ]3. bronchisepticus.  She concluded "that the develop- 
ment of the diffuse exudative reaction in the lung is not due to an acquired hyper- 
susceptibility but to intrinsic qualities possessed by the pneumococcus itself." 
Experimental Procedure 
Some of the  conditions  found in  human  beings  can  be  simulated 
experimentally in  animals  by first making  animals  skin  sensitive  to 
pneumococcus antigen  and  then  introducing  tile  same  antigen  into 
the  lungs  of  the  sensitized  animals.  Inasmuch  as  the  histological 
picture  produced  locally in  a  sensitized  skin  by  the  inoculation  of 
antigen  is  accepted  to  be  a  true  inflammatory  process,  one  might 
expect  the  capillary  bed  of  the  lungs  in  the  sensitized  animal  to 
respond as the capillary vessels of its skin, namely, by the outpouring 
of an exudate.  In addition, if an inflammatory condition in the lungs 
could be produced by a sterile isotonic solution of pneumococci, harm- 
less to normal non-sensitive animals, the result would appear to be of 
more significance than if living organisms were used, since many of the 
experimental difficulties associated with the use of whole organisms, 
whether living or dead, would be avoided.  Consequently rabbits were 
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sensitivity determined at frequent intervals by intracutaneous injec- 
tions of pneumococcus autolysates.  At various intervals ranging from 
15 to 62 days after the first sensitizing injection an intratracheal injec- 
tion of autolysate was given to each rabbit.  Twenty-four hours later 
the  animal  was killed  and  the  lungs were  examined  for evidence of 
inflammation.  Young white rabbits weighing between 700 and  1200 
gin. were employed. 
Preparation  of Autolysates.--Saline  autolysates  were  chosen  because  it  has 
been  shown  (12) that  they cause  a  more clear-cut  reaction  than a  solution  of 
pneumococci in bile or the whole bacteria,  because the use of whole bacteria for 
lung injections  might confuse the pathological  picture by evoking a foreign body 
response,  and because  the errors  of time and quantity attendant upon lysis in 
vivo could be eliminated. 
Type II pneumococci of known virulence were used in preparing the autolysates. 
In most instances an avirulent strain which had been derived from a virulent Type 
II strain by growth in homologous immune serum was employed.  This attenu- 
ated Type II pneumococcus was an intermediate between the true virulent S form 
and the avirulent  R form, since it grew in small smooth colonies on blood agar but 
nevertheless showed agglutination  reactions s~milar to those of rough pneumococci. 
In the concentrated autolysates prepared from it,  the type specific soluble sub- 
stance was demonstrated to be present by the precipitin  reaction, but only in very 
small mount.  In a few instances a highly virulent smooth strain was employed. 
The pneumococci  were grown in buffered, 0.5 per cent dextrose,  meat infusion 
broth for 6 to 7 hours at 37°C.  The growth was then centrifuged  and  washed 
twice with saline.  The bacterial  sediment from 100 cc. of broth culture was sus- 
pended in 1 cc. of saline and was allowed to autolyze aerobically at 37°C. for 5 
days.  At the end of this period the tubes contained a milky material,  which was 
sterile.  Gram's strain showed only Gram negative amorphous  d6bris.  The pH 
of these solutions ranged from 5.4 to 5.8.  Tenth normal sodium hydroxide was 
added to obtain a pH of 7.2 to 7.4.  The whole mixture was centrifuged until the 
supernatant  fluid became  water clear,  and the latter was then bottled without 
preservatives.  Chemical  tests on this solution  showed a positive  Biuret and a 
faint cloud with trichloracetic  acid.  The presence of pneumococcus protein and 
the type specific polysaccharide was demonstrated by the precipitin test (13). 
With the autolysates made from either the avirulent or virulent Type II pneu- 
mococcus, none of the primary toxic skin reactions were observed.  The hemotoxin 
described by Cole (14), and the necrosis producing factor described by Parker (15), 
had probably been  eliminated  by the 5 day period  of autolysis  at 37°C. under 
aerobic conditions.  Nevertheless, in order to avoid any possibility of error arising 
from the presence of these toxic products, the autolysates were heated at 60°C. 
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fraction are thermolabile.  The purpura producing principle described by Julianelle 
and Reimann (16)  may possibly have been present, but since no purpuric lesions 
were noted in the skin or lungs of non-sensitized rabbits and none in the lungs of 
sensitive rabbits there is no reason to suppose that, if present, it played any part 
in the results. 
Standardization of Autolysates.--The  autolysates were standardized on the basis 
of total nitrogen content,  which varied from  150  rag. to 34 mg.  per 100  cc.  in 
different lots.  Preliminary intradermal tests with an autolysate made from the 
avirulent pneumococcus and  containing  125  mg.  of nitrogen per 100 cc. gave a 
satisfactory range of intensity of skin responses from intradermal injections of 
0.2 cc.  (0.25  mg. N).  Consequently that volume of each autolysate which  con- 
tained 0.25 mg. of nitrogen was fixed as the unit skin test dose.  It was  found, 
however, that autolysates prepared from the virulent S strain of Type II pneumo- 
coccus and containing large amounts of soluble polysaccharide, required slightly 
less volume to elicit a reaction like the response from the standard injection unit 
than would have been expected on the basis of nitrogen content.  It was inferred 
from this that some of the local inflammatory response might  be caused by the 
specific polysaccharide.  This  factor in  the  case of autolysates prepared from 
virulent pneumococci was controlled by using a volume which was shown by actual 
inoculation tests to cause the same intensity of skin reaction as that caused by the 
standard dose of autolysate prepared from the avirulent organism. 
Methods of Sensitization.--Various  methods of sensitization were used and the 
animals are grouped accordingly.  The details showing the number and spacing 
of injections for each rabbit are presented in Table I. 
Group 1.  Three rabbits (Nos. 6A, 7A, and 10A) received only intradermal injec- 
tions of 0.2 cc. of avirulent Type II autolysate every third or fourth day for varying 
periods before intratracheal injection.  These injections also served for the tests 
of cutaneous sensitivity. 
Group 2.  Five rabbits (Nos.  1B,  4B, 5B,  12B, and 14B) received intravenous 
injections of 0.2 cc. of avirulent Type II autolysate every 3 or 4 days for varying 
periods and in addition 0.2 cc. of the same autolysate intradermally for skin tests 
24 hours before each intravenous injection. 
Group 3.  Four rabbits (Nos. 4C,  7C, 8C,  and  llC) were treated with whole 
avirulent  intermediate  Type  II  pneumococci.  Each  received a  single subcu- 
taneous injecton of killed organisms, the dose in each instance being the growth 
from 50 cc. of a 6 hour 0.5 per cent dextrose infusion broth culture.  In addition, 
Nos. 4C and 8C each received three intradermal skin-test injections of avirulent 
Type II autolysate, No. 7C six intradermal tests and No. 11 C, five. 
Group  4.  Two  rabbits  received intravenous  injection  of  avirulent  Type  II 
pneumococci.  Rabbit  5C  was  given  four  injections,  the  first  being  of  killed 
organisms, the other three of live organisms.  The doses were the growth from 5 
ce., 5 cc., 7 cc. and 7 cc., respectively of a 6 hour 0.5 per cent dextrose, infusion 
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being the growth from 10 cc. of broth culture.  In addition No. 5C received seven 
intradermal tests with avirulent Type II autolysate, No. 4E, six. 
Group 5.  Four rabbits (Nos. 3F, 5F, 2G, and 6G) were sensitized by a single 
intravenous  injection of killed virulent Type II pneumococci,  the dose in  each 
case being the growth from 5 cc. of broth culture.  They were skin tested with 
autolysate at 3 to 5 day intervals over a period of 43 days in the case of No. 3F, 
51 days in the case of No. 5F, 43 days in the case of No. 2G, and 54 days in the 
case of No. 6G. 
Group  6.  Two  rabbits  (Nos.  1K and  2K)  were sensitized, each by a  single 
intravenous  injection  of  killed  avirulent,  rough,  Type  I  pneumococci.  The 
sensitizing dose consisted of the growth from 5 cc. of broth culture.  Skin tests 
with avirulent Type II autolysate were done at 3 to 5 day intervals over a period of 
45 days in each case. 
Skin Tests.--The skin tests for sensitivity to pneumococcus were made by intra- 
dermal injection of the standard dose of autolysate in the skin of the flanks which 
had been shaved 48 hours previously.  The days on which the skin tests were 
made and the degree of reaction exhibited at each test are shown for each rabbit in 
Table I.  The reactions in sensitive animals appeared in 4 to 8 hours.  Positive 
reactions consisted of local areas of erythema and edema which increased to a 
maximum size in 18 to 24 hours.  Neither induration nor nodule formation nor the 
"secondary  reaction"  of  Andrewes,  Derick  and  Swift  (17)  were  seen.  Four 
degrees of intensity were recorded: 
1.  Slight (+).  Erythema faint but definite.  Edema very scanty or absent. 
Measurements taken in the short and long diameters showed extreme readings of 
1 x 1 cm. and6x2cm. 
2.  Moderate  (+).  Erythema  deeper.  Definite edema present.  Lesions on 
the average somewhat larger than in 1.  Size varied between 1.5 x  2 cm. and 6 x 
3 cm., the average being 2 x 3 cm. 
3.  Marked (±:~).  Erythema quite intense.  Edema considerable.  Average 
size about 3 x 4 cm. 
4.  Maximum  (++).  Very intense  erythema,  sometimes purpuric.  Edema 
extensive with sagging skin.  The lesions often required 72 hours to subside and 
superficial desquamation of the skin resulted frequently.  No ulceration. 
Although no gross necrosis with ulcer formation was noted, it is conceivable that 
the  extreme reaction of tissue injury which  has been reported by others  (12) 
might have resulted from the use of a  more concentrated autolysate.  The skin 
test unit which was adopted for this study permitted a comparison of degrees of 
reactivity, and for that reason was considered most satisfactory. 
Inlratracheal  Injections.--Twenty  sensitized rabbits  and  seven  non-sensitlve 
normal controls were injected intratracheally with clear sterile isotonic pneumo- 
coccus Type II autolysates of standard nitrogen value.  As shown in Table I, 
the injections were always made the day following a skin test in order to correlate 
the results as nearly as possible with the just determined skin sensitiveness of the 506  HOST  FACTORS  IN  PNEU~OCOCCUS  PNEUMONIA.  I 
animal.  The rabbits were prepared by shaving the neck and sterilizing the skin. 
A hypodermic needle was inserted between the rings of the tracheal cartilages and 
the autolysate was injected slowly while the animal was held with the fore part of 
the body slightly elevated.  After completion of the injection the animal was kept 
with fore part elevated for 2 minutes.  A standard volume of 5 cc. of saline was 
TABLE 
Cutaneous  Reactivity  and Pulmonary Reaction to P~ 
Method of sensiti- 
zation 
1  Avirulent pneumo- 
coccus  Type  II 
autolysate intra- 
dermaIly 
2  Avirulent pneumo- 
coccus  Type  II 
autolysate intra- 
venously 
3  Killed  avirulent 
pneumococcus 
Type  II  subcu- 
taneously 
4  Avirulent Type II 
pneumococci  in- 
travenously 
.5  Killed virulent  Type 
II  pneumococci 
intravenously 
6  Killed  Type  I-R 
pneumococci  in- 
travenously 
s. =  sensitizing  injection; t  =  intratracheal injection  of avirulent pneumococcus Type II autolysate.  Days 
*  -  to  -t--t-  signs following intratracheal injection indicate degree  of  acute exudative inflammation  often 
-  =  negative; ±  = slight; -t- =  moderate; i  ±  =  marked; -4-q- =  maximum. 
used and each dose contained 1 to 1.5 mg. of total nitrogen.  Except for a variable 
amount of coughing, no symptoms were shown by the rabbits. 
Examination of the Lungs.--The animals were killed 24 hours after intratracheal 
injection by inserting a needle through the cisterna magna into the base of the 
brain.  This procedure  was  rapid  and avoided the  errors  of  technique which EZRA  A,  SHARP  AND  FRANCIS  G,  BLAKE  507 
etherization or air embolus entail.  The chest was opened aseptically.  One half 
of the right lung was excised and cultured in broth and on a blood agar plate.  An 
injectio'n of Zenker's formol solution was made in situ to preserve the contour and 
to  prevent  atelectasis.  Histological sections  were  prepared  and  stained  with 
hemotoxylin  and  eosin,  Mallory's connective  tissue  stain,  and  MacCallum's 
I 
~eumococcus  Autolysate in Sensitized  Rabbits 
7  8  9 
)f skin tests and degree of cutaneous sensitivity are indicated by -  to -Jr -b signs. 
gs. 
modification of  Goodpasture's bacterial stain.  Grossly, no  significant changes 
were observed on the surfaces, and sections of the fresh lung were not made.  The 
cultures were sterile except in three cases.  In two rabbits, Nos. 5F and 6G, whose 
lungs showed no acute inflammatory reaction, B. bronchisepticus was found; in a 
third rabbit, No. 3F, whose lung showed a pleural scar, B. lepisepticum was present, 508  HOST FACTORS IN  PNEUMOCOCCUS PNEUMONIA.  I 
but the pathological picture showed an acute exudate in <the alveoli which was 
unlike  the usual response to B. lepisepticum.  Nevertheless,  because  of the presence 
of the bacteria, the results from this rabbit may be of doubtful significance. 
Experimental Results 
Cutaneous Semitivity.--The  course and degree of cutaneous sensi- 
tiveness  to  lmeumococcus autolysate exhibited  by  each  rabbit  are 
shown in Table I.  It will be noted in the first place that of the 20 
rabbits, 9  showed no reaction on preliminary test, 7 showed a  slight 
(4-)  reaction, and 4 showed a  moderate (+)  reaction; in the second 
place, that all but two rabbits (Nos. 6A and 8C*)  exhibited moderate 
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TExT-FIG. 1. The effect  of existing  hypersensitiveness  on the course  of cutaneous 
sensitivity to pneumococcus autolysate.  Unbroken  line, initially non-sensitive 
rabbits: broken line, initially sensitive rabbits. 
to very marked cutaneous reactivity at some time subsequently during 
the course of the experiment; in the third place, that the course of the 
sensitiveness in general was wavelike in character with a  markedly 
positive phase during the first 2 to 3 weeks, a negative or only slightly 
positive phase beginning in the third and running through the fourth 
into the fifth week with the return of a  strongly positive phase in the 
sixth and seventh weeks; and lastly, that in spite of the general trend 
there  was marked individual variation both  in  the  degree  and the 
course of sensitivity irrespective of the method of sensitization.  Only 
* 8C was not tested during the first 20 days and would probably have reacted 
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one obvious factor would appear to have exerted any significant effect 
on  the  course of events,  namely, the initial  state  of  sensitivity as 
determined by the preliminary skin test. 
This is brought out in Text-fig. 1 in which it will be seen that the 
originally  non-sensitive  rabbits  responded  more  slowly  and  less 
markedly during  the  first  period  of increased  sensitivity  than  the 
originally sensitive rabbits.  Subsequent to this, however, no signifi- 
cant differences between the two groups are apparent.  Further dis- 
cussion  of  the  course and  degree of  cutaneous  reaction in  rabbits 
sensitized to the pneumococcus is not pertinent here and would obvi- 
ously be of no significance in view of the marked individual variation 
exhibited and the small group of animals studied.  It will consequently 
be reserved for a subsequent paper in which the results obtained in a 
larger series of rabbits will be presented. 
Pulmonary  Reaction.--An  acute  exudative  inflammation  of  the 
lungs was found in  a  considerable number of the sensitized rabbits 
following the intratracheal injection of sterile pneumococcus autoly- 
sate  (Table  I).  Histological  examination showed that  the exudate 
consisted largely of polymorphonuclear  leukocytes and serum.  Fibrin 
was not conspicuous and there was no necrosis nor hemorrhage.  The 
extent of the inflammation varied considerably and may be divided 
into  four degrees,  as  follows:  (1)  slight  (±),  denoting  small  focal 
areas of inflammation consisting of a  polymorphonuclear leukocytic 
exudate lining some of the bronchioles and a thin layer of leukocytes 
and serum in the adjacent alveoli; (2) moderate (+), denoting a more 
extensive involvement with focal areas of exudate in the bronchioles 
and alveoli;  (3)  marked  (4--4-),  denoting a  still more extensive in- 
volvement with confluent areas of serous and cellular alveolar exu- 
date; (4) maximum ( +  +), denoting involvement of about one-quarter 
of the total lung with peribronchial, bronchiolar, and alveolar exudate 
of leukocytes and serum (Figs. 1 and 2). 
The cultures  of the lung  made at autopsy were sterile in all but 
one (No. 3F)  of the rabbits which showed an acute inflammation of 
the lungs, so that an existing infection would appear to be excluded as 
a cause of the acute lesion found in the sensitized animals.  Further- 
more, the pulmonary infections due to B. bronchisepticus or B. lepi- 
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than  that  encountered here.  Rarely an associated fibrotic lesion of 
the pleura was present.  Obviously a lesion of this character could not 
TABLE  II 
Rdation of Pulmonary Reaction to Cutaneous Sensitivity 
Group 
Cutaneous sensi- 
tivity 
Rabbit No. 
7 normal 
controls 
6A 
12B 
8C 
1B  .4- 
4B  4- 
7C  .4- 
4C  + 
5F  ±± 
6G  .4-.4- 
5C  ±-4- 
llC  ±-4- 
7A  .4-.4- 
5B  ±-4- 
2G  .4-.4- 
10A  ++ 
4Et  ++ 
1K  ++ 
14B  ++ 
2K  ++ 
Skin test 
with pneumococcus 
antolysate at 
time of 
intratracheal 
injection 
Pulmonary reaction 
Acute exudative 
inflammation 
of lungs 24 hours 
after intratracheal 
injection of 
pneumococcus 
autolysate 
n 
.4- 
.4- 
.4- 
+ 
+ 
.4-4- 
m 
.4- 
4- 
++ 
++ 
Culture of lungs 
No growth 
No growth 
No growth 
No growth 
B. bronchisepticus 
No growth 
ii  ll 
No growth 
II  11~ 
ll  lg 
Cl  ~C 
--  "-  no  reaction;  .4-  =  slight  reaction;  +  =  moderate  reaction;  .4-.4-  = 
marked  reaction;  +  +  =  maximum  reaction. 
t  Much  of  the  autolysate  did  not  reach  the lungs but  was  found  at  autopsy 
to have been injected into the peritracheal tissues. 
be considered a part of the acute response.  A careful examination of 
the lungs of many uninoculated rabbits often showed pleural and sub- EZRA  A.  SHARP  AND  FRANCIS  G.  BLAKE  511 
pleural interstitial  thickening  which was interpreted  to be the  result 
of a  previous injury.  This type of lesion was easily distinguishable 
from the acute exudative inflammation found in the sensitized rabbits. 
With Mallory's connective tissue stain these lesions showed strands of 
fibrous tissue, a feature which was never present in the acute lesions. 
Relation  of  Pulmonary  Reaction  to  Cutaneous  Sensitivity.--The 
relationship between the cutaneous sensitivity of the rabbits and their 
pulmonary response to pneumococcus autolysate is shown in Table II 
in which the animals have been regrouped according to the degree of 
cutaneous  reactivity  exhibited  at  the  time  of  the  intratracheal  in- 
jection. 
Group  1 consists of  7 non-sensitized normal controls whose  skin  tests  with 
pneumococcus autolysate  were  negative.  None  of  these  rabbits  showed  any 
pulmonary reaction following intratracheal injection of the autolysate 
Group 2 includes three rabbits which showed negative skin tests at the time of 
intratracheal injection.  One of these, No. 12B, had previously been skin-sensitive 
but was in a negative phase at the time of the intratracheal injection.  Another, 
No. 8C, was initially moderately skin sensitive but the only two subsequent tests 
made were negative.  The third, No. 6A, had failed to become reactive at any 
time, although eight intradermal injections of autolysate had been given over a 
period of 28 days.  None of these animals showed any pulmonary reactions. 
Group 3 consists of three rabbits, Nos. 1B, 4B, and 7C, which showed slightly 
positive skin reactions at the time of intratracheal injection.  None of these rabbits 
had become highly skin sensitive in response to the sensitizing injections and none 
had  a  detectable pulmonary reaction when killed 24  hours  after intratracheal 
injection. 
Group 4 includes  but one rabbit, No. 4C.  This animal showed moderate skin 
reactivity and a  slight,  but definite pulmonary response to the  pneumococcus 
autolysate. 
Group 5 includes  seven rabbits which had marked cutaneous reactions at the 
time of intratracheal injection.  All but two of these showed an acute exudative 
inflammation in the lungs, slight in two, moderate in two, and marked in one. 
Group 6 contains five animals which showed extreme skin reactivity.  Four of 
these showed acute inflammation in the lungs.  No. 10A was negative; Nos. 4E 
and 1K showed slight but definite reactions; Nos. 14B and 2K showed the maxi- 
mum degree of inflammation. 
Rabbit 3F, although markedly skin sensitive and showing an acute exudation in 
the lungs has been excluded from the above tabulation because the culture yielded 
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As may be seen from Table II, the results from intratracheal injec- 
tion of pneumococcus autolysate in skin-sensitive rabbits in general 
parallel the degree of skin reactivity to the same antigen.  In none of 
the 10 rabbits in which the skin was not reactive, whether non-sensi- 
tized controls or sensitized rabbits in a negative phase of cutaneous 
reactivity did the lungs show any pulmonary response when pneumo- 
coccus  autolysate  was  brought  into  contact  with  the  pulmonary 
tissues.  Similarly, in none of the three slightly skin-sensitive rabbits 
did the lungs show any detectable inflammation.  On the other hand 
10 of the 13 animals showing moderate to extreme cutaneous sensi- 
tiveness showed clear-cut acute exudative inflammation in the lungs. 
The three negative results are not surprising in view of the mechanical 
factors of the experiment.  Obviously, the technique of intratracheal 
injection lacked the flue degree of accuracy of the intradermal injec- 
tions in which the dosage and the localization of the autolysate in a 
given skin area were quite definite.  In the case of the intratracheal 
injections, there was no certainty that all the injected fluid reached the 
lungs and, granting that it did, other variables such as the greater 
surface area of the intra-alveolar spaces and the possible  subsequent 
loss of antigen by coughing may have influenced the result.  Because 
of these factors it is not unreasonable to believe that in some instances 
the antigen may not have been in contact with the pulmonary tissue 
for a sufficient period or that the concentration of antigen may have 
been too weak in any given area to be effective  in causing an inflamma- 
tory reaction.  From the above considerations, one could expect at 
best  only  an  approximate parallelism  between  the  cutaneous and 
pulmonary reactions. 
DISCUSSION 
The results of the experiments described above indicate that when a 
rabbit is rendered hypersensitive to the pneumococcus, the skin reac- 
tion to pneumococcus autolysate being taken as an index of the hyper- 
sensitivity of the animal, the pulmonary reaction to contact with the 
autolysate closely parallels the cutaneous response, being consistently 
negative in non-sensitive and only slightly sensitive animals, usually 
positive in the moderately to extremely sensitive ones.  Although the 
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the sensitive group, a  result hardly to  be  expected in  a  biological 
experiment of this type, the contrast between the non-sensitive and 
the sensitive groups is sufficiently striking to seem significant and to 
leave little doubt that the acute exudative inflammation of the lungs 
in the sensitive animals is dependent upon the allergic state of the 
animal rather than upon any inherently injurious ~ubstances in the 
autolysate. 
By the use of whole pneumococcus  autolysate devoid of the primary 
toxic principles so far described, the experiments have been circum- 
scribed so that the results might give an uncomplicated picture of the 
pulmonary  reaction  which  depends upon  the  allergic  state  alone. 
Whether the pulmonary reaction is due to allergy to pneumococcus 
nucleoprotein, to the specific carbohydrate, or to both, or even to other 
unidentified pneumococcus substances in the autolysate, is not eluci- 
dated, but presumably might be determined by the use of these sub- 
stances in purified form. 
The bearing of these experiments on the pathogenesis of pneumo- 
coccus pneumonia in man is, of course, problematical, in view of prob- 
able  host  differences and  because live  pneumococci, which possess 
properties not present in the autolysate, were not employed for intra- 
tracheal injection.  The chief value of introducing active infection in 
the rabbits would have been to acquire data on the possible relation- 
ship of the allergic response to protection, but the conditions would 
have been so complicated that no assurance that the reaction was due 
to allergy would have resulted. 
In spite of the difficulties inherent in the transfer of results obtained 
in experimental animals to conditions in man, it would nevertheless 
seem not improbable that the experiments reported above may have 
some significance in human pneumococcus pneumonia.  The possi- 
bility that allergy plays an important r61e in the disease has long been 
surmised, and, as mentioned above, has been extensively discussed by 
Lauche (8) whose arguments have been summarized by Cole (19)  as 
follows: "The facts cited by Lauche in support of this point of view 
are (1) that lobar pneumonia does not occur during the first 5 months 
of extra-uterine life; (2)  that lobar pneumonia increases in frequency 
during the first decades until the maximum and constant figures are 
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born has only been observed if the mother is at the same time affected 
with pneumonia.  According to this concept the new-born contract 
pneumonia because they have become passively  sensitized from the 
mother.  As a rule, infants do not acquire the disease during the first 
3 months because they have not had an opportunity of being actively 
sensitized.  With the widespread distribution of pneumococci, how- 
ever, there are many opportunities for infection and consequent sensi- 
tization during the first decades.  Lanche states that the allergic state 
is not a  constant one.  Like immunity, it  is transient and varies in 
degree.  In order to develop pneumonia the individual must be in a 
hypersensitive state.  If this  stage  is  passed  the individual  reacts 
normally to infection, for instance, with a coryza." 
Experimental observations in man bearing on this problem consist 
almost entirely of studies on the  cutaneous reactions of man to  a 
variety of pneumococcus antigens, both during health and during the 
active  and  convalescent  stages  of  pneumococcus pneumonia.  A 
resum6 of these observations (1, 2, 3, 4, 5, 6) shows, in general, that 
30 to 85 per cent of normal persons have been found to react locally 
to  an  intracutaneous injection  of pneumococcus antigen  with  the 
"delayed" type of skin reaction, that during the acute stage of pneumo- 
coccus pneumonia the skin is not reactive to these same antigens, and 
that  during  convalescence from  the  disease  a  large  proportion of 
patients sooner or later develop cutaneous sensitiveness.  In addition 
Tillett  and  Francis  (7)  have  recently shown that  the  reactions of 
convalescents may be separated into two types--(a)  an  immediate 
wheal  and  erythema  type  of reaction in  response  to  intradermal 
injections of the type-specific carbohydrate of the pneumococcus, first 
appearing at or about  the  time of  crisis  and (b)  a  delayed type of 
reaction  in  response to  injections  of  pneumococcus nucleoprotein, 
usually appearing somewhat later in convalescence. 
Any attempt to harmonize these observations in man with the theory 
set forth by Lauche must presuppose that  the sensitive or allergic 
individual who contracts lobar pneumonia becomes rapidly desensi- 
tized, at least so far as the reactive capacity of his skin is concerned, 
during the stage of invasion and onset, presumably through the libera- 
tion of considerable amounts of pneumococcus  antigen in the lungs and 
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circulation.  Furthermore, if desensitization does occur, it would seem 
probable that it is a specific desensitization to the pneumococcus  rather 
than a  general non-specific loss of cutaneous reactivity since Poole, 
Bumstead and Blake (20)  have found that patients acutely ill with 
lobar pneumonia, though failing to react to pneumococcus  autolysates, 
nevertheless frequently give a positive "delayed" type of reaction in 
response to an intradermal injection of a soluble antigen prepared from 
B. influenzae similar to that exhibited by many normal individuals. 
While the theory discussed above may seem plausible, it cannot be 
accepted as fact at present because an important link in the chain of 
evidence is lacking, namely, observations in man on his sensitivity to 
pneumococcus just prior to  the onset of pneumonia.  It is at  this 
point that  the  experiments in  rabbits  here  reported may have  an 
important bearing on the problem, since a  hypersensitive or allergic 
state in the rabbit was apparently a prerequisite for an acute inflam- 
matory response of the lung to a pneumococcus  autolysate, harmless in 
itself in the normal or non-sensitive animal.  The analogy between the 
conditions in lobar pneumonia in man and those in the experimental 
animals is, however, far from perfect, and the actual state of man's 
sensitiveness to the pneumococcus prior to the onset of  pneumonia 
must be determined before the problem can be further elucidated. 
S~ARY  AND  CONCLUSIONS 
The present study was undertaken in order to  determine whether 
animals  exhibiting  cutaneous  hypersensitiveness to  pneumococcus 
would show an acute inflammatory reaction in the lungs when pneu- 
mococcus autolysate was brought into contact with the  pulmonary 
tissues and, if so, whether the pulmonary reaction might be shown to be 
due to the allergic state of the animal, rather than to intrinsic proper- 
ties  of  the  autolysate.  Twenty  young  rabbits  were  sensitized  to 
pneumococcus by various procedures and their degree of hypersensi- 
tiveness determined at frequent intervals over varying periods of time 
by means of intracutaneous injections of pneumococcus autolysate 
standardized on the basis of nitrogen content and so treated as to be 
devoid of the known toxic principles.  Twenty-four hours after the 
last skin test each rabbit was injected intratracheally with the same 
pneumococcus autolysate.  Seven non-sensitive controls were  simi- 516  HOST FACTORS IN  PNEUMOCOCCUS PNEUMONIA.  I 
larly injected intratracheally.  Twenty-four hours after intratracheaI 
injection the rabbits were killed.  The lungs were removed, a portion 
was cultured, and the rest was examined histologically.  Of the twenty 
sensitized rabbits,  three  that  showed no  cutaneous sensitivity and 
three that were only slightly skin-sensitive at the time of intratracheal 
injection exhibited no detectable pulmonary reaction to the autolysate; 
eleven of fourteen that showed moderate to extreme cutaneous hyper- 
sensitiveness were found to have an acute exudative inflammation of 
the  lungs.  The  exudate  consisted  largely  of  polymorphonuclear 
leukocytes and serum.  It varied in extent from a slight focal exudate 
lining the bronchioles and adjacent alveoli to a  very marked diffuse 
involvement of considerable portions of the lung.  In all but one of 
the eleven the cultures of the lungs were sterile.  The single animal 
showing a positive culture (B. lepisepticum) has been excluded.  None 
of the seven non-sensitive controls showed any pulmonary reaction to 
the autolysate. 
From these results it may be concluded that there is in rabbits a 
fairly close parallelism between cutaneous and pulmonary hypersensi- 
tiveness  to  pneumococcus autolysate  and  that  the  inflammatory 
response  of  the  pulmonary tissue  resulting  from  contact  with  the 
autolysate depends upon the allergic state of the animal rather than 
upon inherently injurious substances in the autolysate.  The observa- 
tions are in harmony with the theory that allergy may play a part in 
the pathogenesis of pneumococcus  pneumonia in man. 
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